This study aims to utilize the fuzzy analytical/network process (FAHP/FANP) and decision-making trial and evaluation laboratory (DEMATEL) approach to recognize the influential indicators of sport centre business management in Taipei city's sports centre. Twenty-three of sports centres with six-dimensions were identified from the literature review and interview with twelve experts (academic and practical experience). By considering the interrelationships among the indices, DEMATEL was used to deal with the importance and causal relationships among the evaluation indices of sports centre. Then, we employ the FAHP/FANP to determine the weight of each management criterion. Our empirical results provide two main insights: first, sports centre business management strategies comprise six-dimensions and 23 indexes; second, the FANP analysis shows that the six key factors are (in order of priority) service price, site conditions, operations management, traffic conditions, sports products, and staff quality. This study uses the FANP and DEMATEL along with mathematical computing in order to provide sports centre managers with a reliable decision-making reference and to assist them in formulating the most effective business strategy possible.
Introduction
Taiwan has seen rapid economic growth recently, with its gross national income reaching US $17,590. The Taiwanese have switched to two-day weekends and are becoming more health conscious; they are also eager to pursue leisure activities. Taiwan's government is attempting to provide a variety of leisure activities suitable for all ages, genders, habits, employment backgrounds, and physical abilities. The government is promoting sports in order to help people switch from an indoor to an outdoor lifestyle and acquire a lifetime sport habit. Because of the increasing demand for leisure activities, Taiwan's current number of public leisure facilities has become inadequate. Therefore, Taipei needs more public sports centres to enable the Taiwanese to more easily attend sports activities, perform community service, pursue lifetime learning courses, and enjoy artistic activities. The vision of Taiwan's government is to implement "sports anytime, sports anywhere, and sports for everybody" in its capital, Taipei. However, Taipei's government has frozen hiring and budgets and has thus had to use an operate-transfer (OT) strategy, by which nongovernment organizations are called on to manage the centres. The selected nongovernment organizations must support a variety of sports activities, courses, exhibitions, and community programs in the sports centres while helping city residents improve their health and quality of life.
According to the Department of Sports and Taipei's statistical data, Taipei transferred 12 sport centres to nongovernmental organizations from 2003 to 2012. The usage of the centres increased each year, reaching a record high in 2011 with 12,000,000 person-times, indicating that Taipei residents enjoy accessing the centres' leisure activities and that the government's goal matched the people's requirements. As market competitors have now emerged, sports centre performance 2 Mathematical Problems in Engineering and management are top priority for each of Taiwan's 12 administrative areas. This study's objective is to identify the indicators that can help sports centre managers formulate an ideal management strategy and derive profits.
The analytic hierarchy/network process (AHP/ANP) is a well-known multicriteria decision-making (MCDM) technique widely used in sport management, business, economics, and industry [1] [2] [3] [4] [5] [6] [7] . A decision method, AHP/ANP dissects a complex MCDM problem into a hierarchy/network of more easily comprehended subproblems [1, [8] [9] [10] . It is also a measurement theory that prioritizes the hierarchy/network and consistency of judgmental data provided by a group of decision makers [10] [11] [12] [13] . Human judgment about preferences is often unclear and difficult to estimate using exact numerical values, and fuzzy logic is a necessity when handing problems characterized by vagueness and imprecision. Therefore, this study combines fuzzy set theory with AHP/ANP in a sports centre performance model [14] [15] [16] [17] .
The hybrid sports centre performance evaluation model presented in this study structures the problem of evaluating 23 indices for sports centre performance in a fuzzy hierarchical/network form and links the determinants, dimensions, and enablers of performance with the various indices. This study aims to use indicators from the relevant literature and expert questionnaires to construct a successful sports centre management strategy. The indicator analysis combines qualitative and quantitative data. In this study also decisionmaking trial and evaluation laboratory (DEMATEL) method [18] is used to extract the mutual relationships of interdependencies within criteria and the strength of interdependence. Moreover, through FAHP/FANP analysis, the study guides the construction of a sport centre management evaluation model. The analysis data can also assist professional sport centre managers with their resource allocation and marketing plans.
The rest of this study is organized as follows. In Section 2, we review the application of MCDM to sports management. In Section 3, we present the DEMATEL method, FAHP/FANP evaluation model. In Section 4, we conduct an empirical study. We then provide our concluding remarks in the final section.
Review of MCDM Methods in Sports Management
This section briefly reviews the previous research on sports management via MCDM [1-3, 9, 19] . Sports management is a branch of sports sciences-the investigation of the techniques, operation, and foundational elements of the management of sports [20] [21] [22] . This section reviews the MCDM methods used by previous studies (i.e., [5, 6, 23, 24] in their discussion of sports management performance). Sinuany-Stern [25] applied the AHP to predict the ranking of the 16 soccer teams of the Israeli National League. Lanoue and Revetta [26] analysed the overall offensive performance of major league baseball players by combining the AHP and the players' offensive statistics (i.e., batting averages, runs, doubles, triples, home runs, runs batted in, stolen bases, and walks). Lee and Walsh [23] employed a hybrid strengths, weaknesses, opportunities, and threats (SWOT) and AHP model to identify the decision-making factors that intercollegiate sports administrators employ when determining if they should outsource their sports marketing functions; their results indicate that the decision makers considered strengths or the potentially positive outcomes to be more important than weaknesses, opportunities, and threats. Lee and Ross [24] used the AHP to identify the decision-making factors in global sports sponsorship. The AHP's local weights showed that sports team factors were far more important in decision-making than the country or environment factors, while the AHP's global weights showed that media exposure opportunity was the most influential factor, followed by sponsorship fit, team image, and fan-based strength.
Gou [27] applied the fuzzy system to construct a fuzzy control model for athletic sports; this study focused on ping pong to research the fuzzy control model in athlete sport and selected only a few of its tactics and strategies. Liao and Chang [28] used the MCDM and the analytic network process (ANP) to analyse how Taiwanese TV companies selected their sportscasters for the Olympic Games. The researchers interviewed 18 senior executives and found that the companies' selection criteria were interrelated. Unlike earlier researchers, who had ignored this interdependence among factors, the authors applied a more feasible and accurate approach, the ANP, which captured the criteria's dependent relationships. Chen [29] created a hybrid MCDM model combining decisionmaking trial and evaluation laboratory (DEMATEL) and ANP methods and applied it to recreation sports in order to identify ways of enhancing recreational sports participation and improving educators' abilities. The author found that the external environment was the most important dimension and that, among seven evaluation criteria, "psychology" was the most important consideration when planning a recreational sports program, followed by "entertainment. "
Thus, a review of the literature on the measurement of sports management clearly shows that various MCDM methods can be applied in this field (sport management). In the literature, there is few using DEMATEL method with FANP aimed at evaluating the performances of sport management [29] . Therefore, the main purpose of this study is to construct a hybrid evaluation model (using DEMATEL and FANP) (the aim of this study is to construct a network hierarchical feedback system based on the DEMATEL method to address the complex interdependent relationships among the variables and thereby construct a relation structure among the measurement indicators for evaluating sports centre performance. The ANP is used to evaluate the measurement indicators for sports centre performance) based on the proposed framework for the sports centre in Taipei. A MCDM method is proposed for this purpose, as such a method makes the performance evaluation more flexible and informative than do the traditional methods (i.e., statistics analysis). 
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Decision-Making Model and Analytical Methods
Following our review of the relevant literature and based on discussions with both professional and academic sports management experts, some of the most important selection criteria for sports centre operations can be identified. Our evaluation procedure consists of several steps, as shown in Figure 1 . After the criteria framework is constructed, adequate sports centre performance evaluation indicators have been selected and then utilizing the DEMATEL and FANP, respectively, further establishes the causality between the six perspectives (i.e., service prices, site conditions, staff qualify, sports products, traffic conditions, and operations management) as well as the relative weights between evaluation indicators. [30] [31] [32] [33] . The subsections below provide a detailed description of each step of the evaluation process.
Determination of the Group of Experts for the Sports Centre.
Twelve professional and academic experts were selected. Since the important weights for both types of experts are considered to be equal, to avoid the occurrence of bias, all experts consulted in this study had both academic and practical experience and met the following conditions: (a) they held a managerial position in either a sport club or sport management company; (b) they had research backgrounds related to sports management. The participating experts comprised eight managers (working in either the sports centre or a sports club) and four academics (whose principal research area was sports management). Background information about these experts is presented in Table 1 .
Construction of an Evaluation Model and Defining the Evaluation
Criteria. From the six perspectives (i.e., service prices, place conditions, staff qualify, sports products, traffic conditions, and operations management) and based on our review of the literature, 45 evaluation indexes for sports centre performance were summarized. Then, expert questionnaires were used to screen the indexes' fit for the sports centre performance evaluation. Twenty-three evaluation indexes were selected by the committee of experts (i.e., the group of twelve comprising professionals and academics). The criteria for the sports centre performance evaluation are described in Table 2 . The hierarchical framework for the six sports centre evaluation criteria (i.e., six dimensions and 23 indices) is shown in Figure 2 
Analyzing and Evaluating Causality of Dimensions with DEMATEL.
The experts who have practical experience of extension education have been consulted (as shown in Table 1 ) and conducted mutual direct influence evaluation aiming at each evaluation dimensions (SP, SC, SQ, SD, TC, and OM). Evaluation indicators are divided into five degrees and numbers from 0 to 4 to represent different extents [3] . Then DEMATEL is used to derive a total-relation matrix of six evaluation dimensions for unravelling causal relationships among indices and the related steps are shown below. (The procedure of DEMATEL is summarized as follows based on [3, 34] .)
Step 1 (defining elements and determining relations). Through studying a literature review or brainstorming, inducting and defining the elements of the systems and then the relation between elements are judged by professionals subjectively via the design of questionnaires. The professional questionnaire is based on comparing criteria form of each pair of elements and it is represented by numbers from 0 to 4 to present "no influence" to "very high influence. "
Step 2 (setting up direct-relation matrix). After comparing the influential degree between one element and another, an × matrix could be obtained. The direct-relation matrix is shown in (1) and is presented with A. The numbers inside the matrix present the influential extent between elements. .
(1)
Step 3 (computing normalized direct-relation matrix). Make
and then multiply the elements of direct-relation matrix (A) by S, which derives standardized direct-relation matrix (D) as
Step 4 (computing total-relation (direct/indirect) matrix). Using T to represent a total-relation matrix, I as a unit matrix, D as a total-relation matrix, and
Step 5 (drawing causal diagram and result analysis). The total amount of each row is presented by and the total amount of each column is presented by .
The casual diagram uses ( + , − ) as ordered pairs. The horizontal axis ( + ) presents the influential degrees of relations between elements; however, vertical axis ( − ) represents the influential degrees of relations between one element and other elements. Therefore, the sophisticated causality of elements themselves could be observed as a simple and explicit structure by the causal diagram. The structure could be used as a guide of counsel or strategy against problems made up by decision makers or managers.
Using FAHP/FANP to Evaluate the Sports
Centre Performance. The fuzzy set theory, introduced by Zadeh [35] , is appropriate for dealing with informational uncertainty and imprecision. It is a valuable tool for measuring the ambiguity of concepts associated with human beings' subjective judgments, which are often vague. One of the easier ways to clarify these subjective judgments is through linguistic variables, which are very useful in dealing with situations that are too complex or ill-defined to be reasonably described by conventional quantitative expressions [36] . The AHP, first proposed by Saaty [8] , constructs a hierarchical structure for complex problems. The AHP is widely used for tackling MCDM problems in real situations, such as sports management [23, 24] , banking performance [1] [2] [3] , manufacturing [37, 38] , and project evaluations [39, 40] . Although the traditional AHP can handle expert opinion and provide an evaluation based on multicriteria, it is not fully capable of reflecting human judgments since it uses exact numerical values in pairwise comparison matrices. Therefore, the fuzzy analytic hierarchy process (FAHP) is more appropriate and effective than conventional AHP in an uncertain pairwise comparison environment [14, 15, 17] .
This study obtained the local weights of the sports centre performance indicators by using Chang's [41, 42] extent FAHP method because of its computational easiness and efficiency. Let = { 1 , 2 , . . . , } be an object set and let = { 1 , 2 , . . . , } be a goal set. In this method, each object is taken, and extent analysis values for each object can be obtained with the following signs:
where all the ( = 1, 2, . . . , ) are triangular fuzzy numbers (TFNs). The steps of Chang's [41, 42] extent analysis are described below.
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Step 1. The value of the fuzzy synthetic extent with respect to the th object is defined as
To obtain ∑ = , we performed the fuzzy addition operation of extent analysis values for a particular matrix as in (7):
and to obtain [
, the fuzzy addition operation of ( = 1, 2, . . . , ) values is performed as
and then the inverse of the vector above is computed as
) .
Step 2. As 1 and 2 are two triangular fuzzy numbers, the degree of possibility of 2 = ( 2 , 2 , 2 ) ≥ 1 ( 1 , 1 , 1 ) is defined as
and can be equivalently expressed as follows:
where is the ordinate of the highest intersection point between 1 and 2 (see Figure 3 ).
To compare 2 and 1 , we need both values of ( 1 ≥ 2 ) and ( 2 ≥ 1 ).
Step 3. The degree possibility for a convex fuzzy number to be greater than convex fuzzy numbers ( = 1, 2, . . . , ) can be defined by Assume that
For = 1, 2, . . . , ; ̸ = . Then the weight vector is given by
where ( = 1, 2, . . . , ) are elements.
Step 4. Via normalization, the normalized weight vectors are
where is a nonfuzzy number.
The analytic network process (ANP) is a comprehensive decision-making technique that captures the outcome of the dependence and feedback within and between the clusters of elements [9, 43] . As indicated that human judgment about preferences are often unclear and hard to estimate by exact numerical values, again fuzzy logic is necessary for handing problems characterized by vagueness and imprecision. Therefore human judgments, which are unclear, simultaneously address the issue of combining both fuzzy set theory and ANP for sports centre performance evaluation model assessment. The steps for FANP calculation process can be given as follows [44] .
After the previous stage which utilizes DEMATEL to analyze the mutual influential causality of the evaluation dimensions and setting up networked level evaluation structure is done, now current stage, FANP questionnaire is developed based on the previous stage. The FANP model of sports centre is defined in the following steps.
Step 1. Structure the FANP model hierarchically.
Step 2. Determine the local weights of the six factors and evaluation indicators by using pairwise comparison matrices (assume that there is no dependence among the five factors). The fuzzy scale regarding relative importance to calculate the relative weights is presented in Table 3 . This scale will be utilized in Chang's fuzzy AHP method.
Step 3. Determine, with fuzzy scale (Table 3) , the innerdependence matrix of each main factor with respect to the other Mathematical Problems in Engineering 7 main factors. This innerdependence matrix is multiplied with the local weights of the five factors, determined in the previous step, to measure the interdependent weights of the six factors.
Step 4. Compute the global weights for the evaluation indicators. The global weights of evaluation criteria are calculated by multiplying local weight of the evaluation indicators with the interdependent weights of the factors to which it belongs.
An Empirical Study
The aim of this study is to evaluate the performance of Taipei's sports centres by using hybrid fuzzy MCDM. The study employs six-dimensions as the framework for establishing its performance evaluation indices, while FAHP/FANP is introduced within this framework to obtain the indices' weights. (We adopted the DEMATEL to address the complex and interdependent relationships among the variables and thereby construct a relation structure among the measurement factors for evaluation purposes.) The study's comprehensive analysis is illustrated in the steps described below.
Step 1 (constructing an evaluation framework). Using the literature review and experts' suggestions, an evaluation framework is established, as shown in Figure 2 .
Step 2 (constructing the relationships among six-dimensions by DEMATEL). We asked 12 experts to indicate the critical level of relationships for sports centre measurement dimensions based on their experience. Summarizing their responses, we derive the average initial direct-relation 6 × 6 matrices A through pairwise comparisons based on (1) as follows: Calculating the normalized initial direct-relation matrix D depicted as 
We calculated matrix T by the following formula: Table 4 depicts the direct and indirect effects of six perspectives (SP, SC, SQ, SD, TC, and OM). Finally, the threshold value is to compute the average of the elements in matrix T, which are 1.121. The digraph of six perspectives is depicted in Figure 4 .
Based on Table 4 , the importance of the six perspectives can be prioritized as OM > SP > SD > SQ > SC > TC based on ( + ) values, where operations management is the most important criterion with the value of 15.674, while traffic conditions is the least important criterion with the value of 10.291. In contrast to the importance, SQ, SC, TC, OM, SP, and SD are net receivers based on ( − ) values.
Step 3 (application of FAHP in computing the local weights of the evaluation indices). Based on the hierarchical framework of the study's evaluation criteria and subcriteria, a FAHP questionnaire using the geometric mean method (GMM) and TFNs was distributed to the 12 experts in order to solicit their professional opinions. In FAHP, the main criteria and subcriteria must first be compared using linguistic terms and their equivalent fuzzy numbers denoting comparison measures. The linguistic comparison terms and the equivalent fuzzy numbers used in this study are shown in Table 3 .
The local weights of the criteria and subcriteria were determined by the FAHP. The pairwise comparisons were scored by the 12 participating experts. The fuzzy pairwise comparison matrices for the goal and the subcriteria are shown in Tables 5 and 6 .
The values of the fuzzy synthetic extents relative to the goal were computed using (6) 
The synthetic values obtained were compared using (11) , and the priority weights were then calculated, as shown in Table 7 .
The weights vector is goal = (1, 0.871, 0.401, 0.494, 0.585, 0.694) . After the normalization, the normalized weight vector relative to the goal is goal = (0.247, 0.215, 0.099, 0.122, 0.145, 0.172) .
Step 4 (application of FANP in computing the weights of the six evaluation indices). In this step, the dependencies among the six perspectives are taken into account and interdependent weights of the six perspectives are computed. In order to determine the dependence among the six factors, the impact of each factor on every other factor using fuzzy pairwise comparisons is evaluated. Based on fuzzy pairwise comparison matrices, Table 8 presents the existing dependencies among the six factors.
Using the calculated relative importance weights, the dependence matrix of the six factors is constructed. Interdependent weights of the six factors are computed by multiplying the dependence matrix of the six factors with the local weights of the six factors obtained in the previous step. The interdependent weights of the six factors are computed in the following part: Step 5. In this step, the overall weights of the evaluation indices are calculated by multiplying the interdependent weights of six factors found in previous step with the local weights of evaluation indices obtained in Step 2. The overall weights have indicated for each indicator in Table 9 .
The results show that the critical order for the sixdimensions of the sports centre evaluation is "SP: service prices (0.294), " "SC: site conditions (0.209), " "SQ: staff qualifies (0.076), " "SD: sport products (0.130), " "TC: traffic conditions (0.078), " and "OM: operations management (0.212). " 449, 0.638, 0.753) (0.627, 0.882, 1.184) (1.160, 1.575, 1.944) (0.591, 0.833, 1.041) ( 1, 1, 1 Table 9 shows the weights of the four "service prices perspective" indices (SP 1 (0.189), SP 2 (0.434), SP 3 (0.367), and SP 4 (0.010)), the four "site conditions perspective" indices (SC 1 (0.212), SC 2 (0.481), SC 3 (0.010), and SC 4 (0.296)), the three "staff qualifies perspective" indices (SQ 1 (0.405), SQ 2 (0.304), and SQ 3 (0.291)), the four "sport products perspective" indices (SD 1 Based on the overall weights listed in Table 9 , the most and the least important indicators which can affect the sports centres performance evaluation model are "special discounts" and "ads and activities, " respectively. As well as, Table 7 : Values of ( ≥ ) and min value. under the services prices subcriteria, the most important indicator, out of the four indicators, is "special discounts, " with a weight of 0.107. This means that the major benefits concern for the sports centre managers in selecting and evaluating the best special discounts strategy is to have a high profit of the activities. Furthermore, under the site conditions subcriteria, "professional facilities" with a priority of 0.104 are the most important indicators. This indicator that sports centres should expend more effort on their professional facilities update for creating revenue growth and maintaining customer loyalty. They should also provide more facilities functions and fun features on their sports centres. Besides, under the staff quality subcriteria, "communication and coordination" with a weight of 0.040 is the most significant indicator. This implies that communication and coordination is more important than other evaluation indicators in order to improve service quality of sports centre staff with customers. Under the sport products subcriteria, "sports types" with a priority of 0.058 is the most important indicators. The sports centres should also provide various sports types for customer choice. And then, under the traffic conditions subcriteria, "transport facilities" with a weight of 0.065 is the most significant indicator. This implies that transport facilities are more important than other evaluation indicators in order to provide customers' convenient. Finally, under the operations management subcriteria, "safety maintenance" with a priority of 0.070 is the most important indicator. This implies that sports centre have to provide more complete safety maintenance with customer's safety.
Conclusions
This study adopted the quantitative evaluation indices developed by the Taipei city sports centres to establish a fuzzy network hierarchical structure. Expert opinions were compiled using the FANP to perform a weight analysis on the evaluation indices. We then conducted an empirical analysis using the FANP. The important research conclusions, practical management implications, limitations, and suggestions for future research are summarized as follows. This study conducted a performance analysis on Taipei's sports centres through the DEMATEL and FANP approach using six dimensions. The empirical findings can be summarised as follows. First, after integrating all the relevant literature reviews and expert opinions, 23 indices were identified as being relevant to the centre's performance in terms of the six-dimensions. Second, the empirical results of the FANP provided the order of importance for the six centre performance dimensions: service prices, site conditions, operations management, traffic conditions, sport products, and staff quality. Therefore, the service prices, site conditions, and operations management are the three most important factors in any evaluation of the performance of sports centre managers. Third, the empirical results of the FANP provided the order of importance for the 23 sports centre performance evaluation indices: special discounts, professional facilities, membership benefits, safety maintenance, transport facilities, facilities safety, parking space, sports types, management systems, and charging methods. Thus, the special discounts, professional facilities, membership benefits, safety maintenance, and transport facilities are the five most important evaluation indices in any evaluation of the performance of sports centre managers. Thus, this study's use of FANP and statistics has provided sports centre managers with a reliable decision-making reference with which they can formulate a business strategy that optimally meets their customer's expectations.
The empirical results indicate that "service prices" (0.247) has the highest value among the model's six main criteria, while "site conditions" (0.215) has the second highest value, "operations management, " (0.172) the third highest, and "staff quality, " (0.099) the least.
Although our study contributes to the evaluation of sports centre performance and helps sports centre managers create the best business strategies, it still has limitations. Previous research has found that staff quality is important, while our results indicate that staff quality is the least important indicator; thus, our results cannot be generalised widely. Moreover, although the study's criteria and features were edited according to suggestions from academics and sports centre managers in Taipei, we may have overlooked some important criteria and features. However, sports management practitioners may still adopt our analytic approach to improve their centre's performance.
We hope that our sports centre performance evaluation model will help sports centre managers and other decision makers formulate ideal business strategies. A future study could utilise the DEMATEL to examine the interactive and feedback relationships among the subcriteria of the six main perspectives and thus enrich the research on sports centres.
